We present a multi-wavelength study of the radio-loud narrow line Seyfert 1 galaxy (NLSy1), 1H 0323+342, detected by Fermi Gamma Ray Space Telescope. Multi-band light curves show many orphan X-ray and optical flares having no corresponding γ-ray counterparts. Such anomalous variability behavior can be due to different locations of the emission region from the central source. During a large flare, γ-ray flux doubling time scale as small as ∼ 3 hours is noticed. We built spectral energy distribution (SED) during different activity states and modeled them using an one-zone leptonic model.
Introduction
The advent of Fermi Gamma-ray Space Telescope (hereafter, Fermi) , has changed our understanding of the high energy γ-ray sky. Majority of the γ-ray sources detected by Fermi are blazars (Nolan et al. 2012) . Interestingly, besides blazars, Fermi has also detected variable γ-ray emission from five radio-loud narrow line Seyfert 1 (RL-NLSy1) galaxies with high significance (Abdo et al. 2009a,b; D'Ammando et al. 2012; Calderone et al. 2011) . A few more NLSy1 galaxies are suspected to be γ-ray emitters, although their detection significance is still low . NLSy1 galaxies are a class of active galactic nuclei (AGN) with peculiar properties: their optical spectra are similar to conventional broad line Seyfert 1 galaxies, however, (Osterbrock & Pogge 1985; Goodrich 1989) . They also have steep soft X-ray spectra (Boller et al. 1996; Wang et al. 1996; Leighly 1999b ) and show rapid X-ray flux variations (Pounds et al. 1995; Leighly 1999a) . These observational characteristics are attributed to them having low-mass black holes (∼ 10 6 − 10 8 M ⊙ ) accreting close to the Eddington limit (Peterson et al. 2000; Hayashida 2000; Grupe & Mathur 2004; Zhou et al. 2006; Xu et al. 2012 ).
However, Calderone et al. (2013) , using multi-wavelength data, have shown that RL-NLSy1 galaxies have black hole masses similar to blazars. These RL-NLSy1 galaxies comprising about 7% of NLSy1 galaxy population, exhibit compact core-jet structure, flat/inverted radio spectra, high brightness temperature and superluminal patterns (Komossa et al. 2006; Doi et al. 2006 ). Recently, kiloparsec-scale radio structures have been found in six RL-NLSy1 galaxies (Doi et al. 2012) . Moreover, it has been recently reported that the optical and infra-red (IR) flux variations of some of these γ-ray emitting RL-NLSy1 (γ-NLSy1) galaxies are similar to blazars (Liu et al. 2010; Paliya et al. 2013a; Jiang et al. 2012) . They also show the double hump structure in their broad-band spectral energy distribution (SED) (Paliya et al. 2013b; Abdo et al. 2009b; D'Ammando et al. 2012) . These observed properties therefore clearly indicate that γ-NLSy1 galaxies can host relativistic jets similar to the blazar class of AGN. However, NLSy1 galaxies are believed to reside in spiral hosts compared to blazars that are hosted by ellipticals (Marscher 2009 ).
1H 0323+342 (z = 0.063) is one among the five γ-NLSy1 galaxies detected by Fermi. This source is radio-loud (R = 318, where R is the radio loudness parameter defined as the ratio of 5 GHz to optical B-band flux densities; Foschini 2011) and has a flat radio spectrum (α r = 0.35, calculated using the 6 and 20 cm flux densities given in Véron-Cetty & Véron 2010; S ν ∝ ν −α ). The very long baseline interferometry imaging observations have revealed one sided jet on pc scales (Lister & Homan 2005 in the MOJAVE 1 project), which can be interpreted as a consequence of the Doppler-beaming effect if the jets are not intrinsically asymmetric. However, a two-sided kilo-parsec scale radio structure has also been found, (Antón et al. 2008; Doi et al. 2012) , although a brightness temperature of T b ∼ 5 × 10 11 K (Zhou et al. 2007 ) indicates a small jet inclination. The optical spectrum of this source is similar to that of a conventional NLSy1 Zhou et al. 2007) . Using the width and luminosity of the H β line and the empirical scaling relations (Greene & Ho 2005) , Zhou et al. (2007) has determined its black hole mass as 10 7 M ⊙ .
Moreover, because of its unusual physical properties, they speculated that this source could host a NLSy1−blazar composite nucleus, even before the launch of Fermi. This is the only γ-NLSy1 galaxy which is included in the 70 months Swift-BAT catalog as well as significantly detected by INTEGRAL (Baumgartner et al. 2013; Panessa et al. 2011) . Of particular interest, a TeV flare was claimed to be marginally detected at a significance level of ∼ 2.5-3.3 σ on 2001 October 10 with a peak rate of 0.62 ± 0.19 Crab (Falcone et al. 2004) . Hubble Space Telescope observations point the source to have a spiral structure (Zhou et al. 2007 ), though, recently Hamilton & Foschini (2012) claimed its surface brightness distribution to be well fit with an elliptical profile. In addition, they have not seen any evidence of a separate bulge or disk and this supports the 1 http://www.physics.purdue.edu/astro/MOJAVE/ -5 -idea of a recent merger. Further, this source is found to be significantly variable within the night in optical band with amplitude of variability > 3% (Paliya et al. 2013a) . In this work, we use multi-wavelength observations of 1H 0323+342 to characterize its physical properties and environment.
The paper is organized as follows. In section 2, we describe the data reduction procedure used, while section 3 is devoted to the results obtained. We discuss our findings in section 4
and summarize the results in section 5. Throughout the work, we adopt Ω m =0.27, Ω Λ =0.73 and
Hubble constant H 0 = 71 km s −1 Mpc −1 .
Multi-wavelength Observations and Data Reduction

FERMI-Large Area Telescope
The Fermi-Large Area Telescope (LAT; Atwood et al. 2009 ) data used in this work was collected over the last five years of Fermi operation, from 2008 August 05 to 2013 September 15. Data analysis is done using ScienceTools v9r31p1 along with the use of post-launch instrument response functions (IRFs) P7SOURCE V6. In the energy range of 0.1-100 GeV, only SOURCE class events are selected. The maximum zenith angle is set to 100°so as to avoid contamination from Earth limb γ-rays. Spectral fitting is done using both unbinned as well as binned likelihood methods. A galactic diffuse emission component and an isotropic component are considered as background models, in order to extract the γ-ray signal. We use the same galactic component (gal 2yearp7v6 v0.fits) and the isotropic component, iso p7v6source.txt 2 which is used in the second Fermi-LAT catalog (2FGL; Nolan et al. 2012) . The normalization of both components in the background model are left as a free parameter during the spectral fitting.
-6 -Moreover, in order to search for the highest energy photon, we select only CLEAN class events along with the use of P7CLEAN V6 IRFs and use iso p7v6clean.txt for background modeling.
We use gtsrcprob tool to determine the highest energy of the γ-ray photon.
The significance of the γ-ray signal is evaluated by means of the maximum-likelihood test statistic TS (= 2∆ log(likelihood)) between models with and without a point source at the position of the source of interest. We apply a binned likelihood method to the five year average analysis of LAT data and to generate γ-ray spectra over different time periods. To do this, we include all the point sources from the 2FGL catalog that fall within 15°region of interest (RoI) of the source. We use both power-law (PL γ ) and log parabola (LP) models to test the presence of a possible curvature in the γ-ray spectrum of the source in its different activity states. For sources lying within 7°of the source, all parameters except the scaling factor are left free, for sources lying between 7°to 14°only normalization factor is kept free, whereas for remaining sources lying outside 14°, all parameters are fixed to their 2FGL catalog values. Further, for variability and spectral analysis, where the time period under consideration is small, we remove the sources from the model having TS < 25. A second maximum-likelihood analysis is then performed on the updated source model. This model is then used for generation of γ-ray light curve and spectrum.
In case of non-convergence of likelihood fitting, we freeze all the parameters of the sources lying outside 7°from the center of RoI, to the values obtained from the average likelihood fitting. In case of further non-convergence, fitting is repeated again by fixing the photon indices of sources further 1°inside and this process is repeated till the analysis converge. Though the γ-ray spectrum of 1H 0323+342 shows a significant break or curvature (modeled by LP model in 2FGL catalog), weekly binned light curves are produced by using the PL γ model, as the statistical uncertainties on the PL γ indices are smaller than those obtained from more complex models. We consider the source to be detected if TS > 9, which corresponds to ∼ 3σ detection (Mattox et al. 1996) . For 1 < TS < 9, we calculate 2σ upper limit by varying the flux of the source given by gtlike, till TS reaches a value of 4 (see for e.g. Abdo et al. 2010 ). For TS < 1, we have not calculated upper limits. The systematic uncertainty in the flux measurement is energy dependent: it amounts to 10% at 100 MeV, 5% at 560 MeV and 10% above 10 GeV 3 . All the errors quoted here refer to 1σ statistical uncertainties, unless otherwise specified.
SWIFT (BAT, XRT, UVOT)
The This source is significantly detected by the BAT instrument and included in the Swift-BAT 70 months hard X-ray catalog (Baumgartner et al. 2013) . It is also included in the Swift-BAT hard X-ray transient monitor list (Krimm et al. 2013) . We downloaded the publicly available 70 months averaged spectrum of 1H 0323+342 and model it with a power-law model. The extracted spectrum is used to build the SED but not for modeling the emission mechanism, as it is averaged over a long duration of time. Also, as a part of the ongoing "Palermo BAT survey project", We analyze the XRT data with standard procedures (xrtpipeline v.0.12.8), filtering and screening criteria using the latest version of HEASOFT package (6.14) and calibration data base (CALDB) updated on 2013 September 11. We use the standard grade selections of 0-12 in the photon counting mode. Both light curves and spectrum files are generated using xrtgrblc -8 -version 1.6 4 . This task selects source and background circular regions according to the current count rate. In order to handle both piled-up observations and cases where the sources land on bad columns, vignetting and point spread function correction is handled using xrtlccorr. XSPEC (Arnaud 1996 ) is used to do the spectral fitting using the spectrum files generated by xrtgrblc task. We bin the data using grppha to have at least 20 counts per bin and use two models, namely absorbed power-law (PL X ) and absorbed broken power law (BPL) for fitting, while galactic column density is taken from Kalberla et al. (2005) . The uncertainties are calculated at 90% confidence level. Further, in order to study the Seyfert characteristics of the source, other than blazar properties, we separately combine all the XRT spectra covering the same period as that covered to generate 70 months Swift-BAT spectrum and fit with a power-law plus a relativistic reflection model.
The Swift-UVOT data are integrated with uvotimsum and then analyzed with uvotsource task. The source region is chosen as a circle of 5 ′′ for optical filters and 10 ′′ for UV filters, centered at the source location, while 1 ′ sized background region is extracted from nearby source-free region. The observed magnitudes are de-reddened using the galactic extinction of Schlafly & Finkbeiner (2011) and converted to flux units using the zero points and conversion factors of the Swift-CALDB (Poole et al. 2008 ).
Catalina Survey Data
The Catalina Real-time Transient Survey (CRTS 5 ) is an ongoing program devoted to the search for optical transients in the V-band. The details of the data analysis procedure are given in Drake et al. (2009) . We have used the publicly available data of 1H 0323+342 which we -9 -correct for galactic extinction and further convert to flux units using the zero point flux given in Bessell et al. (1998) .
Ovens Valley Radio Observatory Data
For comparison with the light curves in other wavelengths, we consider the 15 GHz radio data obtained at Ovens Valley Radio Observatory (OVRO) as a part of its ongoing blazar monitoring program. Details of the data analysis procedure can be seen in Richards et al. (2011) .
Intra-night optical monitoring observations
We observed 1H 0323+342 on three nights in the month of November and December 2012 as a part of our ongoing campaign on NLSy1 galaxies. Two nights of observations (2012 November 19 and 20, in R and B-bands respectively) were carried out on the recently commissioned 130-cm telescope (Sagar et al. 2010 ) located at Devasthal and operated by Aryabhatta Research
Institute of Observational Sciences (ARIES), India. The details of the instrument can be found in Paliya et al. (2013a) . A third night of observation was done in the R-band, on 2012 December 9, using the 2m Himalayan Chandra Telescope (HCT) at Indian Astronomical Observatory, located We use the same comparison stars which we used in our earlier work (Paliya et al. 2013a ). We then generate differential light curves (DLCs) for source−star and star−star pairs.
Results
Average Fermi-LAT Analysis
We fit the five year Fermi-LAT data of 1H 0323+342 with both PL γ and LP model. Following Nolan et al. (2012) , we use a likelihood ratio test and calculate the curvature of test statistic,
We find TS curve = 42.16 (∼ 6σ) and thus conclude that a significant curvature is present in the γ-ray spectrum of the source. The results of the average γ-ray analysis is presented in Table 1 .
Multi-wavelength temporal properties
The long-term multi-frequency light curves of 1H 0323+342, covering from 2008 August 05 to 2013 September 15 is generated and is shown in Figure 1 . Fermi-LAT data is binned weekly, however, during the γ-ray flaring period, one-day binned light curve is also generated. Swift-BAT data are binned over 15 days and we show only those fluxes which are at least 2σ significant.
Swift-XRT/UVOT observations correspond to one point per observation id (obsId). It is quite evident from the light curves that the source has shown anomalous variability behavior. However, this cannot be statistically claimed from any correlation studies due to the sparseness of the data.
From visual inspection, no correlation between radio and γ-ray light curves is observed and in addition, many X-ray and optical flares do not have γ-ray counterparts. To gain more insight into this anomalous variability behavior, we divide the Swift observations into six different time periods (S1 − S6) as shown in the third panel of Figure 1 . The source is found to be nearly stable during the periods S1 and S2. During S3 and S4, while significant variations are noted in optical and X-ray bands, no such variability is seen in the γ-ray band. However, during the periods S5
and S6, consistent flux variations are seen in all wave-bands. In S4 and S6 periods, the source has similar X-ray peak flux, however, the corresponding γ-ray flux during the later period is much higher when compared with the former. We interpret this anomalous behavior of the optical/X-ray and γ-ray light curve as a result of variation in the jet environment associated with the location of the emission region. Swift-XRT observed maximum flux from 1H 0323+342 on MJD 55749
(obsId 00036533019), when the detected flux is 3.12
−0.20 × 10 −11 erg cm −2 s −1 (using PL X model) corresponding to an isotropic X-ray luminosity of ∼ 3 × 10 44 erg s −1 which is comparable to average γ-ray luminosity of the source.
Using the recipe of Vaughan et al. (2003) , we calculate the fractional root mean square variability amplitude (F var ) in different energy bands (Table 2 ). This parameter is found to be maximum for the γ-ray band while no statistically significant variation is seen in the 15-150 keV light curve. Flux variation is not seen in the hard X-ray band owing to the poor sensitivity of Swift-BAT in smaller time bins. The optical/UV light curves have minimum F var whereas for soft X-ray light curve this parameter lies between optical and γ-rays. The radio emission can be due to a superposition of many jet components (Konigl 1981) and thus the variations in the radio band might not be directly related to the variations in other wavebands. Barring the radio and hard X-ray bands, the amplitude of variability is found to increase with frequency, similar to blazars.
The recent GeV flare detected from 1H 0323+342 (Carpenter & Ojha 2013) has its daily γ-ray flux as high as (1.80 ± 0.37) ×10 −6 photons cm −2 s −1 . The photon statistics during this epoch is good enough to generate a six hour binned light curve describing this high activity period -12 -from 2013 August 28 to 2013 September 1 (see Figure 2 ). Contrary to earlier observations, where the high amplitude γ-ray variability of γ-NLSy1 galaxies were characterized by longer timescales
( 1 day; see for e.g., Calderone et al. 2011; Foschini et al. 2012) , here the detected flux increases from F 1 = (1.46 ± 0.62) × 10 −6 photons cm −2 s −1 to F 2 = (7.54 ± 1.59) × 10 −6 photons cm and even at GTI scale. To our knowledge such rapid γ-ray flare is observed for the first time from a γ-NLSy1 galaxy.
Gamma-ray spectral analysis
In the 2FGL catalog, 1H 0323+342 is modeled using a LP which indicated for the presence of curvature in its γ-ray spectrum. To study the γ-ray spectrum during different activity states of the source, we select three different time periods, a quiescent and two relatively active states (P, A1 and A2 respectively; see Figure 1 ). We apply both PL γ and LP models, use binned likelihood method for fitting and the results are given in Table 3 . The quiescent state (P) clearly indicates for the presence of a curvature (TS curve = 30.5 ≈ 5σ), however, no such curvature is found during the active states A1 and A2. This is in contrast to that of the γ-NLSy1 galaxy SBS 0846+513, where a significant spectral curvature is reported during a flaring state (D'Ammando et al. 2013) .
For SED analysis, we select four different time periods corresponding to different γ-ray activity states of the source (Q, F1, F2 and F3; Figure 3 ). We find the PL γ to be a good representation of the γ-ray spectrum in all four different activity states. We note that the presence of curvature in the P-state but not in Q-state could be due to low photon statistics of the Q-state.
Good photon statistics during these flaring episodes allow us to generate one day binned γ-ray light curve and thereby determine the variation of photon index with respect to the brightness of the source. The results are shown in Figure 4 along with a weighted linear least-squares fit to the data using fitexy (Press et al. 1992) . During F1 and F2 states, a clear "softening when brightening"is seen, however, no significant correlation between photon index and flux is found during F3 state.
Energy of the highest energy gamma-ray photon
We separately analyze the LAT data using event class CLEAN, to determine the energy of the highest energy photon detected from the source. In the first five years of Fermi operation, highest energy photon was detected on 2008 December 01 (black downward arrow in Figure 1 ) at a distance of 0.04°from the source with an energy of 32.73 GeV (99.99%probability of detection).
This energy closely satisfies the transparency criteria of γ − γ pair production with BLR photons , and hence the emission region may lie inside the BLR. Further, we also search for highest energy photon during the different states considered for SED modeling -14 -(see Figure 3) . During the F1 state, the highest energy photon is having an energy of 3.13 GeV (98.61% detection probability) arriving at 0.3°away from the location of 1H 0323+342, while during the F2 state, it is 4.68 GeV (99.60% detection probability), detected at 0.15°away from the source. During F3 state, we find the energy of the highest energy photon to be 3.01 GeV (98.69% probability) and detected at 0.29°away from the source.
X-ray spectral analysis
It is known that radio-loud AGN have flatter X-ray spectra compared to radio-quiet sources. Such hard X-ray spectra is an indication of the presence of a relativistic non-thermal jet (George et al. 2000; Leighly 1999b; Ghisellini et al. 2014) . To study the X-ray spectrum of 1H 0323+342, we use PL X and BPL models. Though, in most of the observations, PL X gives better fit, BPL is found to be a better representation of the data during a flaring state (F2) in the γ-ray band. During the quiescent state (Q in Figure 3 ), X-ray spectrum is very well described by a simple PL X model with a soft PL X index of 1.95 ± 0.06 which is similar to the average value, Γ X = 2.00 ± 0.25 obtained for radio-quiet NLSy1 galaxies (George et al. 2000) . During the activity state F2, a PL X fit gives χ 2 r = 1.19 (231 dof) whereas BPL fit gives χ 2 r = 1.06 (229 dof). The probability that the fit improvements were by chance (obtained using the F-test) equals to 1.23 × 10 −6 , hence strongly indicating the presence of a break in the X-ray spectrum. This result can be interpreted as, probably during quiescent γ-ray state, the X-ray emission is significantly contaminated by thermal corona emission (resulting in a soft X-ray spectrum; Leighly 1999b), while during the γ-ray outbursts, the power-law component from jet dominates (Foschini et al. 2009 ). In the third γ-ray flaring state (F3), X-ray spectrum is found to be better fitted by PL X model with a flat photon index value of 1.66 ± 0.06, (similar to the photon indices of X-ray selected FSRQs; Maraschi et al. 2008) . Such a flat photon index is a clear signature of the presence of non-thermal rising jetted emission which overwhelms the thermal coronal emission.
Thus, a significant X-ray spectral evolution is found between the quiescent and γ-ray flaring states of 1H 0323+342.
To test the overall X-ray spectral variability of 1H 0323+342, we show in Figure 5 the plot of soft count rate (0.3-2 keV) versus hard count rate (2-10 keV, see for e.g., Churazov et al. 2001) using all XRT observations and perform a linear fit using the routine fitexy. The solid line represents the best fit line corresponding to y = 0.37x + 0.01 whereas the dashed line indicates the one to one correlation (y=x). A 'softer when brighter' spectral variability trend is evident. This X-ray spectral variation can be explained by the presence of a significant soft excess (see Figure 6 ) whose variability behavior is not identical to the hard X-ray component. Similar behavior is also recently noted in another RL-NLSy1 galaxy PKS 0558−504 (Gliozzi et al. 2013) . Figure 6 shows the ratio of the averaged XRT spectrum (total exposure ∼ 73 ksec after combining all XRT observations lying in the the same period which is used to generate Swift-BAT 70 months spectrum) to an absorbed power-law, fit between 1-4 keV. A soft excess is visible below ∼1 keV, and a possible iron line feature above ∼4 keV. The absorption is modeled using TBABS in XSPEC, with a column density of 1.27 × 10 21 cm −2 , and the power-law index is found to be 2.02 ± 0.06.
We initially attempt to fit these features with an ionized reflection model, using REFLIONX (Ross & Fabian 2005) . We find a best fit of χ 2 ν = 1.07, for 587 degrees of freedom. We find an iron abundance of 2.9±0.6 relative to solar, a photon index of 1.94 ± 0.06, and an ionization parameter of 231 ± 20 erg cm s −1 . Convolving the reflection model with a relativistic blurring model (RELCONV, Dauser et al. 2010) improves the fit to χ 2 ν = 1.04, for 584 degrees of freedom, an improvement of ∆χ 2 = 25, for three additional degrees of freedom. We freeze the inclination at ten degrees and the break in the emissivity profile at 6 R G , and find best fit parameters of a = 0.96 ± 0.14 for the spin, Γ X = 2.02 ± 0.06 for the photon index, ξ = 212 ± 12 erg cm s −1 for the ionization parameter, and q ≥ 7.5 and 1.8 ± 0.4 for the inner and outer emissivity indices, respectively. The best fit model is shown in Figure 7 . Fixing the inclination is likely to be responsible for the small error on the spin value obtained as these parameters are partially degenerate. However, the low inclination angle used is physically motivated, and the data quality is not sufficient to constrain both parameters. Fixing the radius of the break in the emissivity profile to 6 R G is reasonable, as this is around the value predicted for the break by simple models of the coronal geometry (e.g., Wilkins & Fabian 2012; Dauser et al. 2013) . While still somewhat arbitrary, this choice should not affect parameters other than the emissivity indices, which will change to try and emulate the true profile.
We then extended this model to include the 70 months averaged BAT data, allowing for a difference in normalization between the two detectors, and restricting the XRT data to the same period as covered by the BAT. Fitting the model up to 50 keV gives a good fit, with a difference in normalization of 1.06 ± 0.11, but extrapolating to higher energies it under predicts the flux by a factor of ∼ 3, as shown in Figure 8 . We assume that this upturn is due to emission from the jet.
We also investigate individual spectra from different γ-ray flares, compared with the spectrum from a quiescent period (Q). The data quality is too low for detailed analysis, so we use a simple absorbed power-law model to investigate these spectra. Both the quiescent state (Q) and first flare (F1) show evidence for a broad excess around 6 keV.
Using the best fit model, and compensating for absorption, we find X-ray luminosities in the 0.3-10 keV, 2-10 keV, and 10-100 keV bands of 9.2 × 10 43 erg s −1 , 2.1 × 10 44 erg s −1 and 1.9 × 10 44 erg s −1 , respectively.
Spectral energy distribution
For generating the SEDs, we average the flux over each of the four time intervals considered for modeling marked as Q, F1, F2 and F3 in Figure 3 . We use simultaneous UVOT observations corresponding to the XRT observations selected. The quiescent state is chosen when the source is in the faint state in all wavebands. The derived flux values for these four time periods are given in Table 5 . All the four SEDs are modeled using a modified single-zone leptonic emission model of Sahayanathan & Godambe (2012) . In this model, the emission region is assumed to be a spherical blob moving relativistically with bulk Lorentz factor Γ at a small angle θ to the line of sight. Assuming a conical jet with a semi-opening angle (φ) of 0.1, we consider the emission region to have a size of radius (R) = φR diss , where R diss is the distance of the emission region from the central black hole. The region is filled with relativistic electrons which is assumed to be a broken power law distribution with indices p and q before and after break energy (γ b mc 2 ), respectively. The electrons lose their energy through synchrotron emission in a randomly oriented magnetic field and inverse Compton scattering of synchrotron photons (SSC) and the photons external to the jet (EC). The magnetic field is considered to be in equipartition with relativistic particle distribution. The model is modified to include the emission from an accretion disk, X-ray corona, and EC scattering of disk photons (EC-disk) as well as disk photons reprocessed by the BLR (EC-BLR). A multi-temperature black body spectrum is assumed for the accretion disk emission (Frank et al. 2002) whose inner and outer radii are considered as 3R S and 500 R S , where R S is the Schwarzschild radius. For the corona we assume a flat power-law with an energy index equal to unity extending from 0.05 keV to 50 keV. The BLR is assumed to be a black body type spectrum peaking at ∼ 3.7 × 10 15 Hz (corresponding to rest-frame Lyman-alpha line frequency) from a spherical shell ) with the size constrained by the empirical relations (Kaspi et al. 2007; Bentz et al. 2009 ). The BLR is assumed to re-process 10% of the disk luminosity ). The kinetic power of the jet is calculated by assuming both protons and electrons to have equal number densities. The protons are assumed to be cold and thus contributes only to the inertia of the jet. The main parameters governing the SEDs can be obtained using the observed information available in optical/X-ray and γ-ray energies. The results of the SED modeling are shown in Figure 9 and the parameters are given in Table 6 . We -18 -have assumed the black hole mass as 2 × 10 7 M ⊙ . In all states, the optical/UV component of the SEDs is dominated by thermal emission from the accretion disk whereas the γ-ray emission can be well explained by EC scattering of disk photons reprocessed by the BLR. This suggests that the location of the emission region is within the BLR.
In the quiescent (Q) and first flaring (F1) states, a significant contribution from the X-ray corona is observed. Further, during the last two flaring states (F2 and F3) , the X-ray spectrum is dominated by non-thermal jet component over corona emission. The X-ray spectrum of the second flare (F2) exhibits a break which can be explained as a dominance of non-thermal jetted emission (primarily EC-disk) in hard X-ray band, whereas soft X-ray emission can be attributed to a combination of SSC and corona radiation. In the third flare (F3), the X-ray spectrum becomes very hard, predominantly by SSC plus EC-disk process. We also note a hardening of γ-ray spectrum in brighter state, when comparing different activity periods.
Some of the parameters obtained from our modeling differ from that obtained by Abdo et al. (2009b) and this could be due to the fact that we have used simultaneous data whereas the data used in Abdo et al. (2009b) is non-contemporaneous.
Intra-night optical variability (INOV)
We observed 1H 0323+342 three times in 2012 November-December, using ground based optical facilities. The intra-night differential light curves (DLCs) are plotted in Figure 10 and the corresponding statistics are given in Table 7 . We consider the source to be variable only when it shows correlated variations in both amplitude and time relative to the selected pairs of comparison stars. We use two statistical tests namely, C-statistics and F-statistics, to judge the variability nature of the source. C parameter is defined as the ratio of the standard deviations of the source and the comparison star DLCs. A source is considered to be variable only if C ≥ 2.576, which corresponds to a 99% confidence level (Jang & Miller 1997 
Discussion
Detection of variable γ-ray emission from some RL-NLSy1 galaxies, similar to that seen in blazars, confirms the presence of relativistic jets in them. Further, NLSy1 galaxies are thought to be hosted by spirals (Crenshaw et al. 2003 ) with low mass black hole, whereas blazars are hosted by massive elliptical galaxies (Marscher 2009 ). Therefore, confirmation of the presence of relativistic jets in NLSy1 galaxies has challenged the paradigm that jets can only be hosted by elliptical galaxies. Detailed study of γ-NLSy1 galaxies are therefore needed to better understand their nature.
Analysis of the multi-wavelength variability characteristics of 1H 0323+342 can provide hints on the jet environment surrounding the emission region. During the period MJD 55000−56000, though the source displays flux variations in the optical and X-ray bands, no such significant variability is seen in the γ-ray band (see Figure 1) . A possible explanation of such behavior could be that the emission region is located close to the central black hole. In such a scenario, first, the observed X-ray spectrum would be soft ) and second, because of γ − γ interaction with coronal photons, most of the γ-rays would be absorbed and thus there would be modest γ-ray emission. Fitting of X-ray spectra by a PL X model (in most of the observations, except the X-ray flaring states where the BPL model gives a better fit) indeed shows a soft X-ray spectrum. Also, a flare in optical/X-ray band with no counterpart in γ-rays suggests absorption of γ-ray photons. This could explain uncorrelated variability seen in the light curves. The one zone leptonic model used in the paper cannot explain the SED of this anomalous variability period and a separate study of this peculiar feature will be presented elsewhere. During the later part of the light curve, the γ-ray flaring activities shown by the source along with the output parameters of SED modeling indicate that the emission region is located far from central black hole, but still inside the BLR. In such a situation, the surrounding jet environment would be transparent to γ-rays, and thus any flaring activity in other wavelengths will be accompanied by a γ-ray flaring event. In order to describe this interpretation, we estimated the optical depth (τ γγ ) at different locations of the emission region (R diss ), using the prescriptions of Dondi & Ghisellini (1995) and . This calculation is performed for the interaction of γ-ray photons having energy 1−10 GeV with the soft X-ray coronal photons. The variation of τ γγ with R diss is shown in Figure 11 . It is evident from this plot that most of the γ-ray emission gets absorbed at R diss 10 14 cm, indicating absorption as a possible explanation for the uncorrelated variability, if the emitting region is located at R diss < 10 14 cm during the period MJD 55000−56000.
From SED modeling of the four different γ-ray activity states, we find that the optical/UV part is dominated by accretion disk emission. Also, during flaring states, increase in SSC emission is noticed, which is attributed to increase in magnetic energy density (U B ). Under the assumption of equipartition between U B and particle energy density (U e ), increase in U B leads to enhancement of U e (see Table 6 ). The increase of U e explains the hardening of the γ-ray spectrum as well as an increase of the EC-BLR flux. Moreover, in the quiescent state SED, EC-disk is found to be dominating over EC-BLR, while in all the three flaring states, the EC-BLR peak is higher than Figure 12 , explains the dominance of EC-disk or EC-BLR during the different activity states of the source. Further, on comparing the SED output parameters with those of a large sample of blazars studied by Ghisellini et al. (2010) , we notice that parameters such as bulk Lorentz factor and jet powers of 1H 0323+342 are quite similar to low luminosity blazars. There are few differences, such as high accretion disk luminosity (∼ 0.4L Edd for 1H 0323+342 while ∼ 0.1L Edd in blazars) and low black hole mass. In comparison with other γ-NLSy1 galaxies, studied in their different activity states (D'Ammando et al. 2013; Foschini et al. 2012) , 1H 0323+342 hosts a relatively weaker jet as compared to SBS 0846+513 and PMN J0948+0022 but has a similar accretion disk luminosity to PMN J0948+0022 which is higher than that of SBS 0846+513. Also, 1H 0323+342 hosts a central black hole with a mass lying intermediate to the high black hole mass γ-NLSy1 galaxies SBS 0846+513 and PMN J0948+0022 (Yuan et al. 2008 ) and the low black hole mass γ-NLSy1 galaxies PKS 1502+036 and PKS 2004−447 (Yuan et al. 2008; Oshlack et al. 2001 ).
However, it should be noted that the black hole mass is still a poorly estimated quantity (see for e.g., Calderone et al. 2013 ).
The recent GeV flare from 1H 0323+342 features a relatively hard photon index (when compared to other states). Together with the large Compton dominance (see state F3 in Figure 9 ), this suggests that during this flare, the bulk of the radiative energy is released prominently at high energies. The six hour averaged isotropic γ-ray luminosity during the maximum of the flare is found to be L γ,iso ≃ 4 × 10 46 erg s −1 . Correspondingly, the total power emitted in the γ-ray energy band (Sikora et al. 1997 ) is therefore L γ,em ≃ L γ,iso /2Γ 2 ≃ 3.1 × 10 44 erg s −1 (assuming bulk Lorentz factor Γ = 8, as found from modeling of SED) which is a considerable fraction of the kinetic jet power (∼ 23%; P j,kin = 1.38 × 10 45 erg s −1 ). This implies that within a few hours during this outburst, a good fraction of total kinetic luminosity carried out by jet is converted into radiation. This sudden outburst is first noticed in the one day averaged γ-ray light curve and remains distinctly visible even when we opt for smaller time binning. As mentioned earlier, such rapid outburst is not reported for any other γ-NLSy1 galaxy.
An examination of the averaged X-ray spectrum from Swift-XRT has revealed the presence of features commonly seen in radio-quiet (RQ) NLSy1s, namely a soft excess and a broad excess peaking around the energy of the Fe K-α line. We have demonstrated that these features can be well described by a blurred reflection model, in which both the soft excess and iron line feature arise from relativistic smearing of line emission, caused by coronal X-rays hitting the accretion disk, close to the event horizon. If this interpretation is correct, we can use X-ray observations of 1H 0323+342 to probe the inner accretion disk, where the jet is launched. With the inclination fixed at a low value of ten degrees, as expected for a source with observed jet emission, we find parameters indicative of a rapidly spinning black hole, where the inner disk is strongly illuminated. This supports the suggestion that high spin may be necessary for jet production in AGN (see Steiner et al. 2013 , and references therein). When this model is extrapolated to the higher energies of the Swift-BAT, we find that it underpredicts the observed flux at energies above ∼ 50 keV by a factor of 3-4. This is likely to be due to the presence of emission from the jet in the hard X-ray spectrum, which could potentially be used to study the connection between emission from the X-ray corona and the jet, as has been previously suggested (e.g. Markoff et al. 2005) .
Given that the disk must have a low inclination for jetted emission to be clearly detected, it is unlikely that we are viewing the central X-ray source through a wind from the disk, implying that we have a relatively unobscured view of the inner regions of the disk. This supports the reflection interpretation of the spectrum. The energy flow in this source is found to be radiatively inefficient.
The accretion disk luminosity is ∼ 10 45 erg s −1 , the total coronal luminosity (from spectral modeling) is ∼ 10 43.4 erg s −1 , and the jet kinetic energy is > 10 45 erg s −1 . The parameters from spectral modeling suggest a moderately ionized accretion disk, which is thin and dense to less than 2R G . The black hole is accreting at around the Eddington limit and a considerable amount of the disk energy is extracted into the corona and jet. within a small compact region co-spatial with a relatively large region (blob in a blob, see e.g., Tavecchio et al. 2011) can also give rise to such fast temporal evolution. We note here that the recent GeV outburst is not resolvable down to GTI scale i.e. at hour scale and also we find the bulk Lorentz factor of the source to be lower compared to powerful blazars, thus the latter scenario could be a more plausible explanation of very fast variability detected from 1H 0323+342.
Few physical properties such as prominent accretion disk emission, requirement of EC mechanism to explain γ-ray emission along with the presence of significant curvature in the γ-ray spectrum of 1H 0323+342 indicates its similarity with FSRQs, albeit at low black hole mass end, whereas the X-ray properties of the source are found to be similar to that of conventional RQ-NLSy1 galaxies. These dual characteristics along with the fact that it is the nearest γ-NLSy1 galaxy with a detected relativistic jet, makes the study of this source of utmost importance. The
Swift-XRT observations (though with poor spectral resolution) have revealed many peculiar features in the X-ray spectrum of the source. Therefore, observations with facilities having better spectral resolution such as XMM-Newton and NuSTAR as well as the forthcoming ASTROSAT would be crucial to study the jet launching region in unprecedented detail.
Summary
In this paper, we present a detailed multi-wavelength study of the γ-NLSy1 galaxy 1H
0323+342. We summarize below the main results of our study.
1. From multi-frequency light curves we find the presence of many uncorrelated flares in optical/X-ray bands with no counterpart in γ-ray energy range. The uncorrelated flares are found between MJD 55000−56000, whereas after this, the flares are likely to be correlated. However, this cannot be statistically claimed owing to sparseness in the data.
The presence/absence of correlated γ− ray, X-ray/optical flux variations may be caused because of the emission region located at different jet environments where absorption of γ-rays plays an important role in the detection of uncorrelated variability from the source.
2. During all the four periods considered for SED modeling, the optical/UV part of the spectrum is dominated by emission from the accretion disk. During the quiescent and first flaring state (F1), X-ray coronal radiation dominates the X-ray spectrum. However, in the subsequent flaring states F2 and F3, the contribution of SSC overpowers the coronal X-ray emission. This is consistent with the increase in magnetic field in flaring states, as we find from SED modeling. In all the activity states, the γ-ray emission is well modeled by EC of disk photons reprocessed by BLR. We observe a remarkable evolution of the X-ray spectra, wherein the emergence of a hard jetted component is evident during the flaring states.
3. Good photon statistics of the GeV flare shown by 1H 0323+342 enables us to go for finer binning and a flux doubling time scale as small as ∼ 3 hours is noticed. Further, the γ-ray flare is not resolvable even at GTI time scale and thus hints for the outburst to have occurred at an extremely rapid rate. A good fraction of kinetic jet power is found to be radiated in the form of high energy γ-ray photons during this flare.
4. Examining the mean X-ray spectra from the Swift-XRT and BAT has shown that the source looks very similar to other NLSy1 over the energy range from 0.4-50 keV, showing a soft excess and relativistically blurred Fe line. Above 50 keV in the BAT spectrum we find a significant excess, due to the presence of emission from the jet. Modeling the reflection spectrum returns a high spin value, 0.96 ± 0.14, and a steep emissivity profile indicating emission from the very inner regions of the accretion disk. It appears that the inner disk in this jetted source is average, intact, and behaving like other NLSy1s. There should be 2Γ 2 or ∼ 100 times as many similar objects beamed out of our line of sight, which suggests that most NLSy1 should host a jet.
5. The relation of the INOV behavior of a source to its apparent brightness state is not well known. For 1H 0323+342, we find large amplitude (∼ 36%) INOV behavior in its γ-ray flaring state. This observation clearly hints of the prevalence of high incidence of INOV during the active state of the source.
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3 Slope of particle spectral index before break energy.
4 Slope of particle spectral index after break energy.
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-40 - A significant excess is seen above 50 keV, which is likely to be due to the presence of the jet in the source. 
